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Abstract: This study was set up after a drastic decline in the mycorrhizal mycoflora in the Netherlands 
had been reported. A number of 8 young (5-10 years) and 17 old (50-80 years) stands of Pinus sylvestris 
L. were selected throughout the Netherlands. In each stand, a plot measuring 1050 m? was selected and 
during each autumn of the years 1985, 1986 and 1987 was searched for carpophores of mycorrhizal fungi. 
The vitality of the stands was annually determined by quantifying the needle occupation of the trees. Ten 
soil samples per plot were taken in October 1987 in order to assess the mycorrhizal status of the roots. 


Each year the young plots had a higher number of carpophores and more fruiting species than the old 
plots. A highly significant negative correlation was found between the estimated pollution by nitrogen 
compounds and both the number of carpophores and the number of fruiting species in the old plots. The 
correlations with the 98-percentile concentrations of SO2 were also negative but less significant than the 
correlations with the deposition and pollution levels of the nitrogen compounds, or not significant at all. 
Compared with recent data on the mycorrhizal mycoflora of old stands of P. sylvestris in countries less 
polluted with nitrogen, the mycoflora of the Dutch stands was extremely poor. However, the mycorrhizal 
frequency was higher than 95% in all plots except one, indicating that decline was mainly restricted to 
the production of carpophores. Possible causes are discussed, and the possible role of nitrogen pollution 
is stressed. 


The young plots, however, did not show negative correlations with the air pollutants, and their myco- 
floras were comparable with those of stands of P. sylvestris in less polluted countries. It is concluded 
that no decline of mycorrhizal fungi has occurred in the young stands, or at least not to the same extent 
as in the old stands. It is suggested that the most important cause for this difference is clear-cutting and 
disturbance of the soil before and at the time of replanting, which results in a relatively unpolluted upper- 
layer of the soil. 
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Introduction 


The decline of carpophores of mycorrhizal fungi during this century in the Nether- 
lands has been described in detail by Arnolds (1985, 1988). From other countries 
in Europa such a decline has also been reported (Derbsch & Schmitt 1987; Fellner 
1988, 1989; see also Arnolds 1991), and lists of threatened species have been pub- 
lished (Derbsch & Schmitt 1984, Winterhoff 1984, Winterhoff & Krieglsteiner 1984, 
Wojewoda & Lawrynowicz 1986, Arnolds 1989). 


The occurrence of carpophores of mycorrhizal fungi appeared to be closely related 
to the amount of air pollution and to tree vitality (Schlechte 1986, Termorshuizen 
& Schaffers 1987, Fellner 1989). This would give the carpophores a bio-indicative 
value for the amount of air pollution and/or the vitality of a forest (Dörfelt & Braun 
1980, Fellner 1990). However, Jansen & De Nie (1988) and Termorshuizen & Schaf- 
fers (1987) showed that the age of the forest was a complicating factor: younger stands 
of Pseudotsuga menziesii (Mirb.) Franco and Pinus sylvestris L. appeared to have 
a different and richer mycoflora than older stands. 


The cause of the decline of carpophores is usually considered to be related to air 
pollution or to decline of tree vitality, but the exact mechanism is unknown. Gen- 
erally, two hypotheses have been proposed (Termorshuizen & Schaffers 1987). The 
first one states that air pollution affects the photosynthetic apparatus and the trans- 
port of photosynthates, decreasing the supply of carbohydrates to mycorrhizal fun- 
gi. The second hypothesis states that air pollution affects the soil environment, which 
may directly or indirectly affect mycorrhizal fungi. Termorshuizen & Schaffers (1987) 
found indications that both means of action significantly affect mycorrhizal fungi, 
without indicating the relative importance of the hypotheses. 


In our previous article (Termorshuizen & Schaffers 1987) we found negative effects 
of air pollution on the occurrence of carpophores in mature stands, but not in young 
stands of P. sylvestris. In this study we report observations in stands of P. sylvestris 
of different age in the Netherlands during 1985-1987. Our aim was to gain a better 
insight into the factors which regulate the occurrence of carpophores of mycorrhizal 
fungi. 


Material and methods 


1. Selection of stands 


Stands of Pinus sylvestris were selected throughout the Netherlands (fig. 1). Selection was confined to 
homogeneous stands on sandy soils beyond the direct influence of ground water, containing as few other 
ectomycorrhizal plants as possible. Only stands of a good provenance were selected. It is well known that 
at the beginning of this century seed of P. sylvestris of a bad provenance was regularly used, especially 
in the southern part of the Netherlands (Huisman 1983). However, it is not registered. We therefore used 
a method after Van Goor (Pers. comm.) which is based on the assumption that provenances which are 
well-adapted to local circumstances can be recognized as follows: a) the shape and architecture of the 
trees within a stand should be homogeneous, b) the stems of the individual trees should be straight, c) 
annual stem length increment should be more or less regular, especially in the first 15 years, d) reversible 
chlorosis of the needles during winter should be absent and e) absence of spontaneous death of individual 
trees. We discarded the last criterion of Van Goor’s method, because of all criteria, we suspected this 
would significantly overlap with our problem. 


268 


Fig. 1: The location of young (+) and old plots (@) and of three meteorological stations (x). 


In 1985, 8 young (5-10 years) and 11 old (50-80 years) stands were selected. Another 6 old stands were 
selected in 1986. Some of their characteristics are listed in table 1. In 1987, one of the stands under in- 
vestigation had been accidently clear cut. Because 10 old stands were investigated over three years and 
16 old stands over two years, analyses over the three and two years will be presented separately for the 
old stands. 


Two old stands which were included in a former study (Termorshuizen & Schaffers 1987) were omitted 
in this study due to large differences in soil characteristics and tree growth, compared to the other old plots. 


All stands had been planted and a dense herbal vegetation with a high coverage of Deschampsia flexuosa 
(L.) Trin. existed in most plots. Data on the vegetation is presented in more detail in Termorshuizen (1991). 


Within each stand a plot was selected measuring 1050m?. Undergrowth possessing ectomycorrhizae was 
removed in all plots. 


2. Observations on carpophores 


The plots were systematically searched each year in October and November three (1985, 1986) or four 
(1987) times for carpophores of mycorrhizal fungi. In order to prevent re-counting the carpophores, the 
caps were removed. Taxonomy and nomenclature are according to Moser (1983) and Jülich (1984) except 
for the taxonomy of Dermocybe Fr. (Wünsche) where Heiland (1984) was followed. Of each species the 
mean dry weight was determined on 10 to 50 carpophores. 
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Table 1: Some general characteristics of the young and old plots. 


Age 
Young Old 

No. Plots 8 11-17* 
Plot Size (m) 1050 1050 
Age (yr) 5 - 10 50 - 80 
Height (m) 2 - 3.5 13 - 22 
Canopy Closure (%) 85 - 98 40 - 75 
Generation 2nd-3rd lst-3rd 


* In 1985 eleven plots were selected and in 1986 six additional plots; 
in 1987 one plot had accidently been clear cut. 


We used the number and dry weight production of carpophores and the number of fruiting species as 
carpophore parameters. The maximum number of carpophores is defined as the cumulative number of 
carpophores per species of the most productive year. Analogously, the maximum (dry weight) production 
of carpophores is defined here as the cumulative dry weight production of carpophores per species of 
the most productive year. 


3. Observations on ectomycorrhizae 


After removing the litter layer, ten root samples were randomly taken from each plot in October 1987 
from the upper 13 cm with a 2.5 cm diameter auger (volume 63.8 cm?). The roots were washed on a 1 
mm screen. Subsequently, remaining particles of litter and humus were removed by hand in a small glass 
tray containing water. The dead roots (defined as roots which are desiccated, shrunken and highly fragi- 
le) were removed during cleaning. After cleaning, the roots were stored in a glutaraldehyde buffer (Ale- 
xander & Bigg, 1981) until further analysis. 


In each root sample the root length and the number of non-mycorrhizal and mycorrhizal root tips were 
determined. It was necessary to develop a working definition for mycorrhizal roots because intermediate 
types were observed between typical mycorrhizal roots (with a clearly visible mantle and aerial mycelium) 
and non-mycorrhizal roots (with many, approx. 5 mm long roots hairs). Short roots with one or two poorly 
developed roots hairs always possessed a Hartig net between some of the cortical cells. Short roots with 
three or more poorly developed root hairs often had no Hartig net. Therefore, all short roots possessing 
less than three root hairs were called mycorrhizal, and those with more than two non-mycorrhizal. Non- 
mycorrhizal root tips were divided into short (<2 cm) and long (>2 cm) roots. 


The mycorrhizae were classified on the basis of their macroscopical appearance (vitality). The first class 
(so-called well-developed mycorrhizae) possessed a smooth, relatively thick mantle, so that the root cells 
were not visible under a 12x magnification. The poorly-developed second class mycorrhizae either pos- 
sessed a dented and more or less wrinkled mantle or no distinct mantle. 


Apart from Cenococcum geophilum Fr. no attempts were made to identify the mycorrhizae in any way. 
All root data were recalculated to a volume of 100 cm?. 


4. Measurement of tree vitaliy 


Each year in July or August parameters of the individual trees were measured: tree girth, tree class, crown 
width, crown density (estimated percentage of the crown projection), needle occupation, discoloration 
of needles, recovery shoots, resin flow, fungal diseases, insect pests and death or bending of the leader 
shoot. Following the method of the Dutch State Forestry Service (Anonymous, 1987), the needle occupa- 
tion was used as indicator of the tree vitality. The needle occupation is defined as the maximum number 
of needles occurring on at least two branches, expressed as the cumulated needle occupation percentage 
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per needle-year (e.g., 150% needle occupation means that all needles of one year are present (100%), 
50% of a second year and none of the other years (0%), or, alternatively, that 80%, 50% and 20% of 
the needles are present of three successive years). 


5. Data on air pollution and climate 


The data on concentrations of SOz and NOx (x = 1, 2) in the air and on total nitrogen deposition were 
derived from Anonymous (1986a, 1986b, 1988) for the years 1985-1987 separately. Because the NH3 de- 
position levels are only rough estimates based on farmyard manure statistics (Buijsman et al. 1985), one 
deposition level per plot is used, calculated as the mean of the estimated deposition levels of 1986 and 
1987 (Anonymous 1986a, 1986b, 1988) (estimated deposition levels of 1985 were not available). 


An indication of weather conditions during the research at three meteorological stations of the Royal 
Dutch Meteorological Institute is presented in figure 2. 


AE Eindhoven 


Precipitation (mm) 


1405 


Fig. 2: The quarterly precipitation [mm] (A) and average air temperature [°C] (B), as reported by the 
meteorological stations at Eelde, Deelen and Eindhoven for 1985-1987. For the location of the meteorolo- 
gical stations, see figure 11. 


Results* 


1. Mycoflora 


Each year the average number of carpophores and fruiting species was much higher 
in young plots than in old plots (fig. 3). A factor 13 more carpophores and a factor 
3.0 more fruiting species were found in young compared to old plots. The differ- 
ences in numbers of carpophores between young and old plots agree with the differ- 
ences in total dry weights of carpophores. 


In the old plots Lactarius hepaticus Plowr. in Boud. was by far the most abundant 
species, accounting for 51%, 82% and 59% of the total number of carpophores in 
1985, 1986 and 1987, respectively. Laccaria proxima (Boud.) Pat. was the most com- 
mon species in young plots and accounted for 83%, 50% and 46% of the total num- 
ber of carpophores in the three respective years. 


Eleven species were found in young plots which appeared to have declined during 
this century in the Netherlands according to Arnolds (1985) (table 2). Some of these 
species occurred abundantly in more than 50% of the young plots, viz. Dermocybe 
croceocona (Fr.) Mos., D. semisanguinea (Fr.) Mos., Lactarius rufus (Scop.: Fr.) 
Fr. and Suillus bovinus (L.: Fr.) O. Kuntze. Of the decreasing species, only L. rufus 
(in five plots) and S. bovinus (in two plots) were found in low quantities in old plots 
(table 2). 
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Fig. 3: The mean numbers per plot of (A) fruiting species, (B) carpophores and (C) dry weight produc- 
tion of carpophores [g] for the young and old plots during the investigation years. 


*The relevant data used in this study are presented in appendices I to HI. 
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Table 2: Presence (% of plots with the mentioned species) and average number of carpophores per plot 
of the most productive year (of the years 1986 and 1987) for each species, classified by their change in 
occurrence during this century in the Netherlands according to Arnolds (1985). 


Young Plots Old Plots 
Presence No. Carpo- Presence No. Carpo- 
(%) phores Plot” (%) phores Plot“ 

Species with significant decline 
Chroogomphus rutilus 13 1 0 0 
Coltricia perennis 25 21 0 o 
Dermocybe croceocona 75 240 0 0 
Dermocybe semisanguinea 75 424 o o 
Suillus bovinus 75 76 13 2 
Suillus variegatus 25 31 0 o 
Species with insignificant decline 
Amanita muscaria 38 2 0 o 
Gomphidius roseus 38 4 0 0 
Hygrophorus hypothe jus 25 20 o 0 
Lactarius rufus 100 492 31 6 
Rhizopogon luteolus 25 18 o o 
Species without change 
Amanita rubescens 50 16 o o 
Hebeloma mesophaeum 13 3 o o 
Inocybe lacera 38 11 o o 
Lactarius helvus 13 12 13 22 
Paxillus involutus 100 27 56 7 


Species with insignificant increase 


Laccaria laccata 13 7 o 0 
Laccaria proxima” 100 1276 88 15 
Lactarius hepaticus 88 225 94 273 
Russula emetica 13 12 13 1 
Russula ochroleuca 25 6 56 4 
Scleroderma citrinum 63 64 6 2 
Xerocomus badius 75 29 50 3 


Species with unknown change 


Cortinarius flexipes 25 24 o 0 
Cortinarius fusisporus 50 312 o 0 
Inocybe brevispora 88 12 o 0 
Inocybe boltonii 63 13 0 0 
Inocybe lanuginosa 13 3 13 4 
Inocybe umbrina 25 5 o o 


* Incl, L. bicolor. 


The number of carpophores and fruiting species differed considerably between the 
years, and the young and old plots did not show the same pattern (fig. 3). The young 
plots were poorest in 1986, while an optimum in the old plots for the number and 
the dry weight production of carpophores was found. For both the young and old 
plots, the number of species was highest in 1987. 


273 


2. Ectomycorrhizae 


Practically all root tips were mycorrhizal in both the young and old plots (table 3). 
In only one old plot the mycorrhizal frequency was less than 95%. About two times 
more roots and mycorrhizae were present in young than in old plots. Cenococcum 
geophilum occurred in all plots and was very common, occupying on average 26% 
and 12% of the mycorrhizal roots in the young and old plots, respectively. In the 
young and old plots the proportion of well-developed mycorrhizae was 21% and 15%, 
respectively. 


3. Tree vitality 


The tree vitality, expressed here as needle occupation, increased for both young and 
old plots during the years. The needle occupation in old plots increased from 195 
+ 20% in 1985 to 240 + 15% in 1987. The bending of leader shoots occurred regu- 
larly in the old plots, up to 77% of the trees in one plot. In the young plots, the 
increase in the needle occupation ranged from 205 + 20% in 1985 up to 225 + 25% 
in 1987. In part of the young plots the degree of damage caused by Lophodermium 
seditiosum Minter, Staley & Millar was very high. 


Tree parameters which did not show a significant variation between the plots (e.g. 
crown width) and those which occurred only rarely (e.g. discoloration of the nee- 
dles, insect pests) are not presented here. 


4. Air pollution 


The 98-percentile concentrations of SO2 (= SOz concentration which is not exceeded 
by 98% of the total number of measurements), based on diurnal maxima, showed 
highest mean levels in 1985, 128 + 12 ug m-*. In 1986 and 1987 the mean levels were 
86 + 22 and 108 + 43ug m-?. The 98-percentile concentrations of NOx (based on 
diurnal maxima) did not show differences worth mentioning between the years, and 
were stable, averaging 108-122 wg m-?. The estimated average nitrogen deposition 
due to NH3 emission varied between the localities from 115 to 240 kg ha-! yr'. 


Table 3: Plot average, minimum (min) and maximum (max) of some parameters of the roots of the young 
and old plots. Figures recalculated to 100 cm?. 


Young plots old plots 


äverage min max average min max 


Root length (cm) 104434 41 152 52423 20 88 
Total no. mycorrhizae 207467 72 271 96447 25 212 
Total no. mycorrhizae/em root length 1.440.1 1.2 1.6 1.7+0.4 0.9 2.3 
Mycorrhizal frequency 10040.5 99 100 9747.1 71 100 


Rel. no. well-developed mycorrhizae* 2145.6 13 29 1547.4 2.6 25 
Rel. no. of C. geophilum mycorrhizae 26418 1.5 42 1246.9 1.0 27 


“Exel. C. geophilum. 
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5. Correlations of data from the old plots 


The concentration or deposition of all air pollutants under study showed significant 
negative correlations with the number and dry weight production of carpophores (table 
4). NHs deposition (fig. 4) and NOx concentration showed the strongest negative cor- 
relations with the number and dry weight production of carpophores (table 4). The 
SOz concentration and the percentage of trees with bending of the leader shoot sho- 
wed comparable, although in most cases, weaker correlations. The needle occupation 
had the weakest correlations (positive) with the carpophore parameters. In most ca- 
ses the number of fruiting species had weaker correlations with the environmental 
parameters than the number and the dry weight production of carpophores. 


Correlations varied more or less between the years, but the same trend usually ap- 
peared each year. If only the plots which were investigated during three years are 
considered (10 plots), the correlations were stronger than if all the investigated plots 
are considered over two years (16 plots) (table 4). Nevertheless, the correlations of 


Table 4: Correlation coefficients between carpophore parameters and environmental parameters of the 
old plots per year and combined over the years 1985-1987 and over the years 1986-1987. SOz and NOx: 
98-percentile concentration based on diurnal maxima; NHs: estimated nitrogen deposition due to NHs 
pollution; Needle: average needle occupation; Bent: percentage of trees with bending of the leader shoot; 
Significance levels: * = P <5%, ** = P<2.5%, *** = P<1%. 


so, NH, NO, Needle Bent 
No. carpophores* 1985 - 78k - -.86*+* 24 b) 
1986 37ER -. -.61*** 42 708% 
1987 -.34 = -.47* .05 -.24 
Dry weight prod* 1985 -8144+ -.82%** -_85%** 2.26 b) 
1986 -.S8eee - 78k - Sr“ .34 =. 7174 
1987 -.36 -.573x  -,50x* 16 -.36 
No. species 1985 -.63%* -.60%* ~.72%*% 54 b) 


Average no. carp“1985-87 -.663* -. 9] - ‚44 b) 
1986-87 -.40 - 66 =. .29 - .51#* 
Average d.w.prod* 1985-87 -63+  -,96kbx - 58% 48 b) 
1986-87 -44k Tui -584k 32 ~ 63% 
Average no. spec.1985-87 -.56% -.54 -.39 .22 b) 
1986-87 =.17 -.38 -.05 .22 - 498% 
Max. no. carp.* 1985-87 - 64%  -.898x* -693+ ,37 b) 
1986-87 -.40 -6544k = 62 „27 ~ 46% 
Max. d.w.prod.* 1985-87 5:5] =. 94 - „63% 44 b) 
1986-87 -.42 = Tits -5844x 27 = 55% 
Max. no. spec. 1985-87 -55 -.45 -.18 .39 b) 
1986-87 -.10 - 40 .00 42 - 46% 


* In-transformed. 
E Not observed. 
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Fig. 4: The relation between ammonia deposition and maximum dry weight production of carpophores 
(flog) [g] per species over the years 1985-1987 and 1986-1987 for the young and old plots. 


the two-year investigated plots are still comparable with those of the three-year in- 
vestigated plots. 


The needle occupation and percentage of trees with a bent leader shoot had signifi- 
cant (respectively negative and positive) correlations with NHs (table 5 & fig. 5), but 
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Table 5: Correlation coefficients between air pollution parameters and tree parameter of the old and young 


plots. For abbreviations and significance levels, see table 4. 


YOUNG PLOTS so, NH, NO, Lophodermium 
damage 
Needle 1985 54 73%* 47 =. Tr 
occupation 1986 „Ira 75.92 -Blan 
1987 .01 69% „Or BO 
1985-87 ‚51 TI 784+ 6a 
Lophodermium 1985 -.30 =.35 -.62* 
damage 1986 ~.BGxee - 7er -794+ 
1987 -.23 


1985-87 


OLD PLOTS 
Needle 1985 -.34 -.53 -.30 
occupation 1986 -02 sati -.21 
1987 .18 -.574+  -.14 
1985-87 -.39 -.58#  -.29 
1986-87 .19 - 57%  -.20 
% Trees with 1985 a) a) a) 
bending leader 1986 .36 7544+ 40 
shoots 1987 .09 78444 454 
1985-87 a) a) a) 
1986-87 .23 754k 43% 
Crown density 1985 -.45 -. 77er -.25 
(x) 1986 -18 35 .06 
1987 .07 -.06 46% 
1985-87 -.41 -.48 .12 
1986-87 .22 -.12 .25 


* Not observed in 1985. 


wie correlations with NOx and SO2 were less clear. The crown density, which was 
expected to be a good tree vitality parameter, had weak correlations with the air pol- 
lutants (except in 1985, table 5) as well as with the carpophore parameters (correla- 
tions not presented). 


6. Correlations of data from the young plots 


The number of carpophores and fruiting species showed strongest correlations with 
the NOx concentration (positive), the degree of damage caused by Lophodermium 
seditiosum (negative) and the needle occupation (positive) (table 6). Correlations varied 
more or less between the years but the same trend usually appeared each year. 


The degree of damage caused by L. seditiosum showed quite understandable high 
negative correlations with the needle occupation (fig. 6, table 5). L. seditiosum oc- 
curred most frequently in plots with low air pollution, which may explain the signifi- 
cant positive correlations of the needle occupation with air pollutants. 
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Fig. 5: The relations between ammonia deposition and (A) average needle occupation and (B) the per- 


centage of trees with bending of the leader shoot in the old plots. 


7. Correlations of mycorrhiza parameters 


The mycorrhizal frequency was significantly positively correlated with the number 
and dry weight production of carpophores for the young as well as for the old plots 
(table 7). The mycorrhizal frequency in the old plots showed weak correlations with 
air pollution parameters and was weakly significant for NHs (negative, P<10%). 
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Table 6: Correlation coefficients between carpophore parameters and environmental parameters of the 
young plots per year and combined over the years 1985-1987. Loph: degree of damage caused by Lopho- 
dermium seditiosum. For other abbreviations and significance levels, see table 4. 


so, NH, NO, Needle Loph 

No. carpophores* 1985 -.06 15 ET -.56 
1986 „708 .45 63% =~. 822% 

1987 -.33 42 66% -.11 

Dry weight prod.*1985 24 .39 ‚93x 247 -.59 
1986 69% .39 ‚TE 60 - Blatt 

1987 -.34 46 ‚Ip 784x -.32 

No. species 1985 .29 .06 .20 -06 -01 


Average no. carpophores* -.01 .35 ‚Bares 67% -.668 
Average dry weight prod.* .10 4b Shee 128% = 68 
Average no. species .37 .40 „67% .55 -.49 
Max. no. carpophores* -.04 .26 793x L67% -.66* 
Max. dry weight prod.* .12 .45 94H Tr - 68 
Max. no. species Al -20 .36 .32 =.22 


* In-transformed. 
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ot — —— 
o os 10 


Degree of damage by Lophodermium seditiosum 


Fig. 6: The relations between degree of damage caused by Lophodermium seditiosum in young plots, 
assessed in an arbitrary scale of 0 (no damage) to 4 (absence of living needles) and the average needle 
occupation. 
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Table 7: Correlations of the root and mycorrhiza parameters with carpophore, air pollution and tree 
parameters for 1987. For abbreviations and significance levels, see table 4. 


YOUNG PLOTS Dry weight No. 

prod. carp. SO, NH, NO, Needle 
Root length -.27  -.29 .07 .00  -.03 25 
Tot.no. mycorrhizae .31 .22 -.08 .50 „50 718 
Tot.no. mycorrh. excl. C. geophilum -.4l -.45 .19 -.13 -.20 u 
Mycorrhizal frequency 964% .BBHK-.47 69 -B4e* 67 
Tot.no. mycorrh. / unit root length  .87#** .76%* -.23 „803+ .85%%* 82+ 
Rel.no. well-developed mycorrhizae ir 372% 72%) 55 ‚198% 59 
Tot.no. mycorrhizae of C. geophilum 9744+ .89%%*-.36 8734k GHEE „BER 
Rel.no. mycorrhizae of C. geophilum .98*** .92%**-.43 783+ „9033+ „74x 
OLD PLOTS 
Root length .17 .27 -.29  .26 3 18 
Tot.no. mycorrhizae .02 22 0-21 43t 438 -.14 
Tot.no. mycorrh. excl. C. geophilum .07 26 -23 .42 :35 = st 
Mycorrhizal frequency 523+ „544+ 05 -.36 .06 = -.01 
Tot.no. mycorrh. / unit root length -.08 -08 .07 09 .09  -.40 
Rel.no. well-developed mycorrhizae .17 .27  -.45% -.10  -.06 .05 
Tot.no. mycorrhizae of C. geophilum -.27 --14 .07 18 568% -.21 
Rel.no. mycorrhizae of C. geophilum -.44* -.45* .28 .10 40 -.07 


In contrast to the mycorrhizal frequency, the total number of mycorrhizae per soil 
sample was only weakly correlated with the number and dry weight production of 
carpophores, and showed relatively high positive correlations with NH3 deposition 
and NOx concentration (significantly so for old plots). 


The relative number of mycorrhizae of Cenococcum geophilum was negatively cor- 
related with the number and dry weight production of carpophores in old plots, but 
positively in young plots. In both the young and old plots the absolute and relative 
number of mycorrhizae of C. geophilum was positively correlated with NH3 and NOx. 
In the young plots these correlations were highly significant (P<1%). 


Discussion 


Large differences in the number of carpophores and fruiting species between young 
and old plots were observed. The old plots produced less carpophores and fruiting 
species compared to mature P. sylvestris forests in other countries (table 8). The re- 
duction is most prominent in plots exposed to relatively high concentrations of air 
pollutants, notably nitrogen pollutants (fig. 4, table 4). In the young plots, however, 
the number of carpophores and fruiting species are comparable with, or even higher 
than those of P. sylvestris of different ages in other countries (table 8), and are not 
negatively correlated with air pollution parameters. Several species which have shown 
a decline during this century in the Netherlands (Arnolds, 1985) are abundant in young 
plots. In old plots however, only two declining species (viz. Lactarius rufus and Suil- 
lus bovinus) were found (table 2). Apparently, the decline of carpophores of my- 
corrhizal fungi has occurred more prominently in old stands. 
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Table 8: Comparison of some studies on the mycoflora of stands of Pinus sylvestris at different 
locations. 


Plot No. carpo- 
Location Stand age No. sige Period of  Carpophore phores, No, Reference 
(yr) plots (n°) investigation production? ha”! yr species? 
The Netherlands 5-10 8 1050 1985-1987 7.8 19102 16 This study 
i 50-80 16 x s 0.5 1460 5.4 s 
Estonia 2% 1 1000 1978-1981 50,40, ? u Kalanees & 
è 0 ı $ a 15.360 ? 2 Silver (1988) 
a wi . ' 19,704 ? 24 " 
Finland 5-15 7 750 1975-1977 ? mt 9.9 Hintikka (1988) 
2-30 8 ' “ 2 art 20 " 
3-50 4 ' " 2 r7a6t 19 . 
7 6 . , ? ass! 12 " 
Kareli (USSR) 27-33 1 ? 1979-1985 15,308 ? ? Shubin (1988) 
Poland Boa 200 1960-1964 y ? 7-11 Rudnicka- 


Jezierska (1969) 


è kg ha? yr? dry weight. 

b Average total number of species per plot over the period of investigation. 

© Fresh weight data recalculated to dry weight data assuming a dry weight content of 10%. 
Inclusive relatively few saprophytic species, but exclusive non-edible mycorrhizal species. 

E Inclusive sone species which are associated with Betula spp., but exclusive non-edible mycorrhizal species. 

* Data corrected for differences in number of surveys per plot. The data are not directly comparable with the other 
studies because of limited number of observations. 

3 pine forest plantation lacking other ectomycorrhizal tree species (tables 10 & 11 in Rudnicka-Jezierska, 1969). 


The reduction of carpophores in the old plots may be explained by the fact that leaf 
damage by NH3 (Van der Eerden 1982, Kaupenjohann et al. 1989) or other air pollu- 
tants (Kozlowski & Constantinidou 1986) can decrease the photosynthesis and in ad- 
dition, the transport of photosynthates (Lorenc-Plucinska 1984, McLaughlin et al. 
1982). Nitrogen pollution also leads to an increased uptake of nitrogen by the trees, 
increasing the conversion of nitrogen into amino acids. This conversion requires car- 
bohydrates, and thus decreases the supply of carbohydrates to the mycorrhizae (Björk- 
man 1942). In addition, increased nitrogen uptake may lead to deficiency of other 
nutrients, especially on poor and acid soils (Paavilainen & Pietiläinen 1983, Rehfuess 
et al. 1983). This may explain the fact that the decline of carpophores of mycorrhizal 
fungi is most pronounced on poor and acid soils (Arnolds 1985). 


Most old stands which were investigated belonged to the most vital class, according 
to the Dutch State Forestry Service (Anonymous 1987), and a few stands belonged 
to the second most vital class. The absence of low vitality classes can be ascribed 
to the selection criteria we used, especially the criterion of good provenance. Appar- 
ently, a decline of carpophores of mycorrhizal fungi may occur in stands before mac- 
roscopical decline of tree vitality becomes visible (Fellner 1989). This may be explained 
by the fact that in the case of stressed carbohydrate economy, plants invest relatively 
more energy in the shoot than in the root in order to repair or replace injured tissue. 
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The decline of carpophores seems to precede a decline in the mycorrhizae, since the 
mycorrhizal frequency reached very high levels in all plots except one (>95%). In 
some poor stands of Pseudotsuga menziesii in the Netherlands, mycorrhizae have 
already been reported to be completely absent (Jansen & De Nie, 1987). The situa- 
tion of mycorrhizae in less vital old stands of P. sy/vestris (which were not included 
in this study) therefore needs additional research. It seems logical that the formation 
of carpophores is hampered before the formation of mycorrhizae decreases because 
successful colonisation of the soil by mycorrhizal fungi depends basically on the avail- 
ability of carbohydrates from a host. Therefore, under circumstances of a decreased 
carbohydrate availability, the mycorrhizal fungus is likely to invest relatively more 
energy in the maintenance of the mycorrhizal infection than in the formation of 
carpophores. 


Our correlations indicate that nitrogen pollution affects the mycorrhizal fungi in old 
stands more than SOz pollution. Nitrogen fertilization experiments normally have 
a negative effect on the number of both carpophores and fruiting species (Ritter & 
Tolle 1978, Menge & Grand 1978, Wästerlund 1982, Ohenoja 1988, Shubin 1988), 
which is usually more clear than the effect on the mycorrhizae. 


Nitrogen deposition has increased tremendously in the Netherlands since the sixties. 
This is caused predominantly by the enormous growth in cattle population, increas- 
ing the production of manure from 24 x 10° kg in 1950 up to 85 x 10° kg in 1988 
(Anonymous 1980, 1989). Besides, the NH3 losses from manure have increased due 
to the change from solid to liquid manure storage (Buijsman et al. 1987). Further- 
more the NOx concentrations in the air have also increased considerably (Kozlows- 
ki & Constantinidou 1986). Local extremes in nitrogen deposition in forests can be 
largely ascribed to ammonia because of its relatively high dry deposition rate (As- 
man & Maas 1987) and because its sources are often close to the forests. The in- 
crease in nitrogen deposition of the last decades coincides with the observed decline 
in carpophores. 


In most forests without human influence, nitrogen is the limiting factor for tree growth 
(Carlyle 1986). On a short-term basis, or at low concentrations, extra nitrogen may 
therefore stimulate growth (Termorshuizen & Ket 1991) and photosynthesis (Pérez- 
Soba et al. 1990). However, as trees age, this growth stimulating effect may lead 
to deficiency of other nutrients as explained above. In addition, the need for exter- 
nal nitrogen by younger trees is larger than for older trees, where internal recycling 
becomes more important (Carlyle 1986). Younger trees and their mycorrhizae may 
therefore benefit from nitrogen at levels where older trees may suffer. Other impor- 
tant factors creating more favourable circumstances for mycorrhizal fungi in young 
stands may be: 


(1) The smaller size of young trees and protection under the lee of old stands might 
contribute substantially to a lower interception of air pollutants compared to that 
of old stands. Quantitative data on this subject are, unfortunately, not available. 


(2) Clear-cutting and disturbance of the soil before and at the time of planting result 
in increased leaching of nitrate (Vitousek, 1981; Tamm, 1982). Consequently, young 
stands start to grow on soil relatively free from nitrogen pollution, also because the 


polluted upper soil-layer is mixed with the underlying relatively unpolluted soil. The 
importance of the humus layer is stressed by De Vries et al. (1985), who found sig- 
nificant negative correlations between the thickness of the humus layer and the num- 
ber of carpophores. Removal of the upper soil-layer (litter and humus) in mature 
stands of P. sylvestris had a positive effect on the occurrence of carpophores of mycor- 
rhizal fungi (Jansen & Van Dobben, 1987; Kuyper, 1988). The same was observed 
in this study in plot no. 49 (the poorest plot with respect to carpophores, with the 
highest NHs pollution) where approx. 30 m? of the litter and humus layer (including 
the vegetation) was removed illegally by unknowns in 1987. In the autumn of 1987, 
88 carpophores of mycorrhizal fungi were counted on this spot, which was 94 times 
more per unit area than on the remaining 1020 m2 of the plot. However, removal 
of the litter and humus layer might also be explained by the elimination of assumed 
competitive saprophytes. 


Instead of air pollution, the variation in the occurrence of carpophores in the young 

plots was primarily influenced by the incidence of L.seditiosum. Interestingly, the 

incidence of Lophodermium spp. is likely to be negatively df fected by air pollution, 

as was reported for SOz by Scheffer & Hedgcock (in Horn, 1985) and Grzywacz & 

Wazny (1973). The positive correlations between the number of carpophores and air 

pollution in young plots might therefore be well explained by the sensitivity of L. ` 
seditiosum to air pollution. 


In the course of stand development, a decline in the occurrence of carpophores can 
be expected to start when nitrogen uptake (as a result of nitrogen pollution) inhibits 
the transport of carbohydrates to the mycorrhizal fungi. Decline in occurrence of 
carpophores is influenced by many factors (e.g. soil characteristics, silvicultural meas- 
ures, stress factors) and consequently depends on the local situation. Observations 
in closed stands of P. sylvestris in the Netherlands (Termorshuizen, unpubl.) suggest 
that this might begin between the 15th and 25th year. Jansen & De Nie (1988), who 
studied the occurrence of carpophores of mycorrhizal fungi in stands of Pseudotsu- 
ga menziesii in the Netherlands, also reported a sudden reduction in number of car- 
pophores of mycorrhizal fungi in stands older than 20 years. Termorshuizen (in prep.) 
observed negative effects on the number of carpophores in two young stands of P. 
sylvestris by fertilization with (NH4)2SO4 or NaNOs at 60 kg N ha-!. Apparently 
decline will commence earlier if air pollution increases. 


Of the mycorrhiza parameters we estimated, only the mycorrhizal frequency was sig- 
nificantly correlated with the number and dry weight production of carpophores in 
both young and old plots. However, the total number of mycorrhizas did not show 
such correlations. In young plots, the positive correlations of total number of my- 
corrhizas with the nitrogen air pollutants can be ascribed largely to Cenococcum 
geophilum (table 7). However, we are not able to explain the significantly positive 
correlations of the total number of mycorrhizas with NH3 deposition and NOx con- 
centration (table 7). Clearly more research is needed in order to evaluate the ecologi- 
cal significance of, and the relation between different mycorrhiza parameters. 


Cenococcum geophilum occupied large parts of the roots (table 3), and was positive- 
ly correlated with nitrogen pollution. The correlations of this non-fruiting species 
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were significantly negative with the number and dry weight production of carpophores 
in old plots, but highly positive in young plots. We are not able to explain this phe- 
nomenon, and more research is needed on this species. 


It seems plausible that the nitrogen enrichment of the forests is responsible in the 
first place for the decline of carpophores in the Netherlands. In addition, other pol- 
lutants which affect the trees worsen effects on mycorrhizal fungi. The high mycor- 
rhizal frequencies observed in all plots, and the change towards a richer mycoflora 
after replanting the site indicate that the mycoflora may recover to some extent after 
replanting, if the air pollution, especially the NHs pollution, is drastically diminished. 


Appendix I: Mycoflora. 


(A) Old plots: Number of carpophores, 


and total number of species over the years 1985-1987 and over the years 1986-1987. 


Plot number 47 
No. carpophores 1985 7 
1986 268 
1967 256 


Dry weight prod. 1985 5 


1986 87 
+987 93 
No. species 1985 2 
1986 3 
1987 5 


Tot. no. species '85-'87 5 


Tot. no. species '86-'87 5 
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dry weight production of carpophores [g] and number of species per plot per year 


Average 
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2452407 
3262332 
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46: 42 


3.412.8 
2.921,7 
3.822.1 


5.421.6 
4.321.7 


LE) Young plots: Number of carpophores, dry weight production of carpophores [g] and number of species per plot per year 


and total number of species over the years 1985-1987. 


Plot number 2 
No. carpophores 1985 6697 
1986 1999 
1987 8585 


Dry weight prod. 1965 1646 
1986 778 
1987 1712 


No. species 1985 8 
1986 


1987 12 


Tot. no. species '85-'67 12 
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Appendix II: Tree vitality. 


(A) Ole plots: Number of trees, tree girth (cm), needle occupation, percentage of tr 


of the leader shoot and crown density per plot per year. 


Plot number 
Number of trees 
Tree girth (cm) 


Needle occupation 1985 
1986 
1987 


Bending 1985 
1986 
1987 


Crown density (4) 1985 
1986 
1987 


Plot number 
Number of trees 
Tree girth (cm) 


Needle occupation 1985 
1986 
1387 


Bending 2985 
1986 
1987 


Crown density (%) 1985 
2986 
2987 


“7 8 
75 62 


2023.5 1822.8 2323.7 


57 
sı 


46 49 
s” 108 
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180230 166225 200230 225225 165230 


245240 175225 200230 
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3328.8 34210 


245240 185240 


= 260225 220:20 
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~ 3628.7 2426.6 


38210 2429.5 


52 54 
70 59 


2023.5 2625.2 
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Appendix II: Tree vitality (contd.) 
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(2) Young plots: Number of trees, tree girth (cm), needle occupation and 
by Lophodermium secitiosum per plot per year. 


Plot number 
Number of trees 
Tree girth (cm) 


Needle occupation 1985 
1986 
1987 


Lophodermium” 2985 
3986 
1987 


” Degree of damage caused by L. seditiosum estimaced in an arbitrary range 


2 
320 
2.32.7 


210230 
235240 
230240 


+03 215 
.14 -20 
+65 .56 


© means no damage and 4 absence of living needles. 
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Appendix III: Air pollution. 


98-Percentile concentrations of SO, (vg m'”, based on diurnal maxima) and of NO, (sg m”, based on 
hourly maxims) and NH, deposition (kg Nha’ yr’’) per plot per year. 


(A) old plots 


Plot nc. ¢7 46 57 «46 49 SO 42 45 as 43 41 55 S6 5I 52 54 53 Average 


SO, 1985 126 126 126 119 149 150 120 122 122 222 122 - - - = - = 228212 
1986 es es 87 77 109 10 65 65 65 65 50 103 103 140 124 73 73 87:24 
2967 55 55 - 46 137 163 114 114 114 14 205 224 116 213 197 90 90 114245 

NOx 1985 129 129 128 131 124 123 67 87 87 87 8D - - = = = = 108222 
1986 119 119 11$ 115 125 125 103 97 97 97 68 125 125 125 125 104 104 112213 
1987 136 136 - 120 140 140 105 100 100 100 63 140 140 136 136 110 110 121219 

NE, 265 165 150 150 240 180 145 145 145 145 115 178 178 143 150 210 210 163230 


(B) Young plots 


Plot no, 21 22 23 24 25 26 27 28 Average 

SO, 1985 123 123 119 149 150 122 122 122 12913 
2986 85 85 77 109 110 65 65 65 83:19 
1987 55 55 48 137 143 114 114 114 98239 


NO, 1985 128 129 231 126 123 87 67 87 112421 
1966 119 119 115 125 125 97 97 97 112219 
1987 136 136 120 140 140 200 100 100 122219 


NE, 165 165 150 240 180 145 145 145 167232 
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